INTER-ENGINEERING PROVECTS

The Inter-Engineering project series was developed as a follow-on from the Junior Engineering series,

although it is often run as a stand-alone year. The models are similar in format being provided as kits

with instructions for individual construction and at a low overall cost. Finished working models can be

taken home when completed while still fun to do, they are rather more sophisticated than Junior Engi-

neering, with suitability for early secondary school age in mind. Many of the projects involve soldering;

the material for a soldering practice session is included.

SOFT SOLDERING

included in the junior engineering schedule

Soft soldering is used generally to join two similar or
different metals together where the strength of the joint
is important. A low melting point solder (less than 300°
C) is used to make the joint and bridge the gap
between the components. It is used extensively for
making electrical connections. The surfaces to be
joined have to be absolutely clean for the solder to bond
to the component A film of metal oxide which can be
present on the surfaces prevents this bond. A flux is
used to keep the surfaces clean and dissolve the oxide
whilst they are heated, which is usually a resin. The
pupils get practice soldering various shapes in copper
wire—for the girls, a piece of ribbon is included which
can be used to make the object into a pendant.

Topics learned: Soldering technique; Melting
metal; Health & Safety requirements.

RESISTOR COLOUR DECODER

included in the junior engineering schedule

The resistor is an electrical or electronic component that
resists an electric current resulting in a voltage drop
between its two ends. The Decoder is required to identify
the correct resistors for the ‘electronic’ projects. The code
uses coloured bands round it to specify its actual value.
The resistance is measured in OHMS, named after a
famous German physicist who lived in Cologne.

Topics learned: Electrical resistance; Codes.



FUSE TESTER

included in the junior engineering schedule

This project introduces electrical current, voltage and
resistance, circuits and diodes. It also introduces the practical
use of printed circuit board and the soldering of components to
them. It explains how a diode is like a resistor but only works
when the current flows in one direction. ‘Light emitting diodes’
or LEDs are diodes which light up when passing a current. The
parallel circuit shows how a larger current flows in the path of
least resistance and if the fuse is good will pass a current light-
ing the green LED. A small current actually passes through the
red LED but not sufficient to light it up. When a dud fuse is
used then all the current flows through the red LED and
nothing through the green.

Topics learned: Operation of resistors; diodes and LEDs.

MOISTURE SENSOR

included in the junior engineering schedule

The Moisture Sensor measures the resistance between two
electrodes and causes the LED to light up if this falls below a
fairly high value. It is sensitive enough to activate the LED if
there is moisture between the electrodes and it can be used to
show that we have an electrical resistance in our own bodies
especially if the contact points are dampened. It uses a tran-
sistor, a diode with an additional connection called the ‘Base’,
which controls it. The transistor is activated when a very small
voltage at the '‘Base’ causes it to pass current and light the
LED and it is this function that is used in the project.

Topics learned: Voltage, current and resistance;
operation of LEDs and Transistors.

THE ELECTRIC CAR Mé2

The Electric Car is based on a tubular chassis, with a
corriflute floorpan cut to shape from a dimensioned drawing.
It incorporates an electric motor with a two-speed gear
drive to the rear wheels. The steerable front axle assembly
includes king-pins and track rods. The body is a net shape
development from card, giving the opportunity to encourage
creative styles. The Car is built in five stages, which broadly
follow the steps that are taken in the motor industry when a
vehicle is being built.

Topics learned: Main functional parts of a motor
vehicle; types of power units; pros and cons of elec-
tric drives; effect of gears; drawings and dimensions;
vehicle steering principles




WIND TURBINE

The Wind Turbine uses an electric motor/generator to
generate a d.c. voltage, sufficient, in a reasonable breeze, to
light an LED. There is provision for three blades which can
be altered in pitch, giving the opportunity to experiment with
2 or 3 blades and various pitch angles to obtain maximum
performance. The model can also be powered by an AA
battery so that it can act as a fan.

Topics learned: Principles of wind powered generation
of electricity; the benefits and problems. Gears and
gear ratios. Electric motors/generators. Application of
LED. Testing electrical machines.

THE DART

The BMFA DART is a rubber powered flying model air-
craft with a 14cm twin bladed propeller. The fuselage,
support frame and ribs for the wings, tailplane and fin
are constructed from balsa wood and paper. The DART
has a wingspan of 30cm and overall length of 32cm,
and it flies extremely reliably and well. It is supplied
with comprehensive step by step instructions and a
printed plan which forms the ‘skin’ of the wings and tail-
plane. It can be flown in a sports hall or outdoors on a
calm day and is an ideal project for a competition or
flying display.

Topics learned: Accurate cutting and assembly
techniques; Basic principles of flight;
Adjustments, testing and troubleshooting.

HYDRAULIC ARM

The project is used to show how force and movement are
transferred from one point to another via a tube contain-
ing liquid. Usually the liquid is oil, but in this case it is
water. Everyday examples of hydraulics applications are
car hydraulic brakes or construction equipment such as
dumpers and cranes. The project copies an arm, like
some types of robot, with a gripper. It has movement in
4 axes:

Lift—raises and lowers the whole arm

Reach—extends the outer section of the arm
Rotate—rotates the whole bracket-arm assembly
Gripper—grips object to be lifted

Each of these is operated and controlled manually by a
separate line with syringes used as a cylinder and piston/
plunger at each end.

Topics learned: Transmission of force and move-
ment; Amplification of force by increase in cylinder
and piston size; Construction of complicated mech-
anisms; Friction at pivot points, Skill required to
control movement in 4 axis.




THE IMAGIBOT

The Imagibot is a fully programmable robotic vehicle
utilising the Crumble microcontroller board. It incorpo-
rates two electric motors directly driving the two wheels
via gears. The chassis is pre-formed plastic, which slots
and screws together, and the body is a card net shape
which can be coloured and styled to individual taste.
Programming is achieved using bespoke software based
on Scratch 2, a flowchart command language widely used
in schools.

Topics learned: Main features and capabilities of
different types of robots; electrical and electronic
component recognition; revision of electrical
circuits; wiring skills; programming procedure;
writing a program; testing and fault rectification.

NOTES

AM RADIO

The project is designed to introduce the pupils to commu-
nication through radio and refers to the three functions -
the tuning circuit, modulation and signal amplification. A
pcb is used for the complete circuit but the construction
is divided into the winding of the coil on a ferrite rod, the
wiring of the pcb and the connection to the battery pack
and earphones. A variable capacitor is used in the circuit
to tune to the required radio frequencies.

Topics learned: Tuned circuits; Modulation;
Amplification with transistors, Soldering pcbs

1. A term’s kits are supplied at the beginning of each term. The projects may be carried out in any order but a
particular schedule is suggested which allows the pupils to develop their skills with the tools gradually and fol-

lows a sequence in the understanding of the principles.

2. For logistical reasons it may be necessary to change models supplied in kit deliveries.

3. A Health & Safety session should be held between construction of two of the early models but probably will
not take as much time as one meeting. Reminders should be given before each session involving soldering.
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